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ABSTRACT 

This work covers an analysis of stress and temperature 

change vs. strain curves determined for a multifunctional Ti 

based alloy under compression. Samples of Gum Metal  

were subjected to monotonic and cyclic compression with 

two strain step on a testing machine. The deformation was 

simultaneously monitored by a visible light camera and an 

infrared camera for determining strain changes and a 

thermal response of the alloy, respectively. Stress vs. strain 

curves confirmed the unique mechanical behavior of Gum 

Metal. The thermal response of the alloy under 

compression, determined in particular within the initial 

strain range, gave an insight into the nature of the 

deformation mechanisms of Gum Metal. In this regime, 

considerable changes in the growth rate of the thermal 

response were observed. They can be associated with 

martensite-like α” nanodomains active during the loading 

of Gum Metal. Next stage of deformation was represented 

by a yield point clearly pronounced since cycle 4, related to 

a significant change of the temperature change slope. 

Further plastic deformation of Gum Metal was 

accompanied by a rapid growth in temperature. 
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INTRODUCTION 

Gum Metal (Ti–36Nb–2Ta–3Zr–0.3O in mass%) is a beta 

titanium alloy developed at Toyota Central R&D Labs., Inc. 

The alloy has attracted remarkable attention due to its 

exceptional properties, i.e. low elastic modulus, high 

strength, nonlinear superelastic-like deformation, excellent 

cold workability, as well as Invar- and Elinvar-like 

performance [Kuramoto, 2006]. This set of outstanding 

properties has been extensively discussed in the literature in 

the context of structural, compositional and thermal 

analyses. Specifically, unconventional deformation 

mechanisms occurring in Gum Metal under load have been 

a focal point. Recent studies confirmed that the nonlinear 

superelastic-like deformation of Gum Metal is mainly 

caused by two microstructural features, namely martensite-

like orthorhombic α” nanodomains and hexagonal ω phase 

nanosized precipitates [Wei, 2016]. 

 

EXPERIMENTAL 

Gum Metal cube samples were machined out of a Gum 

Metal rod, which had been texturized <110> direction via a 

cold swaging process. The samples were subjected to 

monotonic and cyclic compression at the strain rate of 5 x 

10-2 s-1 in a direction parallel to the cold swaging axis. A 

scheme of the experimental set-up used in this work is 

shown in Fig. 1. Cyclic compression included 10 loading-

unloading cycles (cycles 1-5 with a strain step ~0.025 and 

cycles 6-10 with a strain step ~0.05).  

 

Figure 1:  A scheme of the experimental set-up. 

The deformation was simultaneously monitored by a visible 

light camera and an infrared camera for determining strain 

changes and a thermal response of the alloy under 

compression, respectively [Pieczyska, 2018]. 

RESULTS AND DISCUSSION 

Stress vs. strain curves of Gum Metal subjected to 

compression are shown in Fig. 2; monotonic compression 

(dashed line) and cyclic compression (solid line). 

 

Figure 2:  Stress vs. strain curves of Gum Metal subjected 

to compression; monotonic compression (dashed line) and 

cyclic compression (solid line). 



Stress vs. strain curve of Gum Metal under monotonic 

compression do not exhibit a clear yield point. However, 

stress vs. strain curves of Gum Metal for subsequent cycles 

4-10 of the compressive loading-unloading process reveal 

pronounced yield points with higher stress reached in each 

cycle. It means, that the cyclic compression of Gum Metal 

results in hardening and structural changes of the alloy. 

In general, infrared thermography was successfully applied 

to investigate deformation behavior of various materials, in 

particular of superelastic nitinol, which exhibits stress-

induced martensitic transformation with dissipative 

characteristics [Pieczyska, 2013]. However, deformation 

mechanisms of Gum Metal are unusual i.e. on one side, 

during mechanically reversible deformation martensite-like 

nanodomains is believed to play an important role [Wei, 

2016]. On the other side plastic deformation was observed 

to be governed by “giant faults”, which are caused by 

pinning and channeling dislocations via ω phase nanosized 

precipitates.  

Stress and temperature change vs. strain curves of Gum 

Metal under compression for cycle 5 and cycle 8 are 

presented in Fig. 3 a and 3 b, respectively. The cycles were 

selected to contrast various loading schemes; cycle 5 was 

realized with a strain step ~0.025, cycle 8 was realized with 

a strain step ~0.05. 

 

 
 

Figure 3:  Stress and temperature change vs. strain curves 

of Gum Metal under compression 

 for cycle 5 (a) and cycle 8 (b). 

 

Thermal responses of Gum Metal, recorded in cycle 5 and 

cycle 8, show similar temperature change slopes in the 

initial stage of loading. However the thermal profile 

determined for cycle 8 seem to have rounder slopes, 

probably as a result of accumulated plastic deformation 

induced during previous loading cycles. 

In general, during compression a thermal response of a 

given material is growing when loaded and decreasing when 

unloaded. Gum Metal is characterized with a large 

recoverable strain, which is a sum of elastic and 

superelastic-like deformation [Pieczyska, 2018]. 

Thermoelastic effect, in the very initial stage of loading,  is 

expressed by Kelvin’s formula. Looking at the temperature 

change curves for cycles 5 and 8 in the initial stage of 

loading one can notice slope changes marked with A*, B* 

and C* and related stress values marked with A, B and C. 

Point A* can be associated with the thermoelastic effect and 

can determine the purely elastic limit of Gum Metal 

deformation. Further change of slope between A*-B* can 

be related to dissipative character of stress-induced activity 

of martensite-like α” nanodomains. The next change of the 

thermal slope B*-C* is related to yielding. Further fast 

increase of the temperature change is a result of plastic 

deformation of Gum Metal. The temperature change during 

unloading of the alloy is difficult to be assessed due to an 

intensive thermal exchange with surroundings. 

Nevertheless, the temperature slope in the final phase of 

unloading might be associated to the thermoelastic effect. 

CONCLUSION 

The technique of infrared thermography was successfully 

applied to determine temperature change of Gum Metal 

under compression and identify selected stages of loading. 

In particular, the thermomechanical nature of the 

unconventional deformation mechanisms namely α” 

martensite-like nanodomains and ω phase precipitates 

activated in Gum Metal under loading was analyzed. The 

changes of the temperature change slope were discussed in 

terms of being indicators of subsequent stages of Gum 

Metal deformation. 
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